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(67)  Anautomatic test apparatus for embedded soft-
ware and an automatic testing method thereof, the auto-
matic testing apparatus for embedded software, includes
an output detector which collects interface status infor-
mation in accordance with data transmission/reception
from at least one of first and second electronic devices
respectively loaded with first and second embedded soft-
ware and exchanging data therebetween, and extracts
a keyword from the collected interface status information,
a scenario composer which uses identification informa-
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Automatic testing apparatus for embedded software and automatic testing method thereof

tion about the first and second embedded software and
the extracted keyword, and composes a scenario corre-
sponding to a predetermined event status and a control
command generator which generates a control com-
mand to reproduce the event status based on the com-
posed scenario. Thus, it is possible to previously detect
unpredictable and predictable problems that may occur
in interaction between the plurality of embedded soft-
ware, interface operation to transmit and receive data,
etc., and reproduce them.
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Description

[0001] The present invention relates to an automatic
test apparatus for embedded software and an automatic
testing method thereof, and more particularly to an ap-
paratus and method to automate an operation test for
embedded software installed in an electronic device.
[0002] With emergence of a television (TV), a mobile
phone, or the like various electronic devices such as dig-
italdevices, embedded software installed in such devices
have become vast and various. A variety of devices pro-
vides various execution environments for the embedded
software installed in the respective devices, and may
cause errors. Thus, the embedded software may be pre-
viously tested in consideration of errors that may arise in
executing the embedded software.

[0003] Under a host environment before porting to a
target environment corresponding to a real environment,
the embedded software is tested in accordance with var-
ious user scenarios based on many cases. The scenarios
unfolded under the host environment may be reproduced
under the target environment.

[0004] Since the embedded software may be ported
to and operate in the target environment having various
hardware characteristics and software environments and
operates, embedded software may experience detailed
and deep tests with regard to various scenarios before
its development is completed. As such test methods,
there is a conventional test method using a commercial-
ized automated test tool for unidirectional transmission
of command to the embedded software.

[0005] A plurality of electronic devices such as digital
devices, loaded with the embedded software independ-
ently executes each embedded software while transmit-
ting and receiving data through a communication inter-
face. The respective embedded software may be differ-
ent in characteristic from each other (e.g., different op-
erating system (OS)), and therefore a problem may be
caused by not only one embedded software but also in-
teraction between a plurality of embedded software. In
the latter case, difference in time of executing the respec-
tive embedded software, effects of the embedded soft-
ware on the interface, etc. may cause various unexpect-
ed problems.

[0006] Accordingly, a conventional test based on uni-
directional command transmission for single embedded
software is difficult for reproduction about various prob-
lems that may occur in the interaction between the plu-
rality of embedded software different in characteristic
from each other, interface operations to transmit and re-
ceive data, and so on. Also, the conventional test is not
flexible to various interface scenarios that may occur un-
der conditions of end users, and thus costs much to se-
cure the scenarios corresponding to various cases.
Therefore, time and manpower are wasted, and an ac-
curate test is difficult.

[0007] Additional aspects and/or advantages will be
set forth in part in the description which follows and, in
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part, will be apparent from the description, or may be
learned by practice of the invention.

[0008] One or more exemplary embodiments of the
present invention may provide an automatic testing ap-
paratus for embedded software, including: an output de-
tector which collects interface status information in ac-
cordance with data transmission/reception from at least
one of first and second electronic devices respectively
loaded with first and second embedded software and ex-
changing data therebetween, and extracts a keyword
from the collected interface status information; a scenario
composer which uses identification information about the
first and second embedded software and the extracted
keyword, and composes a scenario corresponding to a
predetermined event status; and a controlcommand gen-
erator which generates a control command to control one
of the first and second embedded software to reproduce
the event status based on the composed scenario.
[0009] The controlcommand may include identification
information about one of the first and second embedded
software, and may be transmitted to an electronic device
loaded with an embedded software corresponding to the
identification information.

[0010] Thecontrolcommand mayinclude an execution
command for the embedded software, and time informa-
tion about the execution command.

[0011] The time information may reflect difference in
time of executing the first and second embedded soft-
ware in accordance with data transmission/reception of
the first and second electronic devices.

[0012] The scenario composer may use the keyword
as a condition, and compose a scenario corresponding
to an event status satisfying the condition.

[0013] The composed scenario may include a prede-
termined-form programming language that uses at least
one instruction included in the control command as an
instruction for executing the embedded software.
[0014] The automatic testing apparatus may furtherin-
clude a storage unit which stores the composed scenario.
[0015] The automatic testing apparatus may furtherin-
clude first and second test processors which controls the
first and second embedded software respectively per-
form a test of reproducing the event status under the
control command.

[0016] The control command generator may compare
the reproduction results with a previously composed sce-
nario to determine whether an error occurs or not.
[0017] The control command generator may generate
a control command to reproduce event statuses corre-
sponding to a plurality of previously stored scenario in
preset order or randomly.

[0018] The output detector, the scenario composer
and the control command generator may be provided in
a host apparatus connected to at least one of the first
and second electronic devices.

[0019] One or more exemplary embodiments may pro-
vide an automatic testing method for embedded soft-
ware, including: receiving interface status information in



3 EP 2 725 493 A1 4

accordance with data transmission/reception from at
least one of first and second electronic devices respec-
tively loaded with first and second embedded software
and exchanging data therebetween; extracting a key-
word from the received interface status information; com-
posing a scenario corresponding to a predetermined
event status by using identification information about the
first and second embedded software and the extracted
keyword; and generating a control command to control
one of the first and second embedded software to repro-
duce the event status based on the composed scenario.
[0020] The controlcommand may include identification
information about one of the first and second embedded
software, the method may further include transmitting the
control command to a electronic device loaded with an
embedded software corresponding to the identification
information.

[0021] The controlcommand may include an execution
command for the embedded software, and time informa-
tion about the execution command.

[0022] The time information may reflect difference in
time of executing the first and second embedded soft-
ware in accordance with data transmission/reception of
the first and second electronic devices.

[0023] The composing the scenario may include using
the keyword as a condition and composing a scenario
corresponding to an event status satisfying the condition.
[0024] The composed scenario may include a prede-
termined-form programming language that uses at least
one instruction included in the control command as an
instruction for executing the embedded software.
[0025] The automatic testing method may further in-
clude storing the composed scenario.

[0026] The automatic testing method may further in-
clude controlling at least one of the first and second em-
bedded software to perform a test of reproducing the
event status under the control command.

[0027] The automatic testing method may further in-
clude determining whether an error occurs or not by com-
paring the reproduction results with a previously com-
posed scenario.

[0028] The generating the control command may in-
clude generating a control command to reproduce event
statuses corresponding to a plurality of previously stored
scenario in preset order or randomly.

[0029] The above and/or other aspects will become
apparent and more readily appreciated from the following
description of exemplary embodiments, takenin conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a block diagram showing a configuration of
an automatic testing apparatus according to an ex-
emplary embodiment;

FIG. 2is a view showing an example where interface
status information is received according to an exem-
plary embodiment;

FIG. 3 is a flowchart showing an automatic testing
method of embedded software according to an ex-
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emplary embodiment; and

FIG. 4 is a flowchart showing a test scenario com-
posing method of the embedded software according
to an exemplary embodiment.

[0030] Reference willnow be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to the like components throughout. Embodiments are de-
scribed below to explain the present disclosure by refer-
ring to the figures.

[0031] FIG. 1is a block diagram showing a configura-
tion of an automatic testing apparatus according to an
exemplary embodiment.

[0032] As shownin FIG. 1, an automatic testing appa-
ratus 10 according to an exemplary embodimentincludes
a plurality of test agents 130, 230 and a test director 330.
[0033] The test agents 130, 230 are respectively in-
stalled in first and second electronic devices 100, 200 to
be tested, and the test director 330 is installed in a host
apparatus 300 which controls the overall testing process.
The host apparatus 300 may be a computing device such
as a personal computer (PC) or a server.

[0034] The first and second electronic devices 100,
200 perform data communication with each other through
firstand second agentinterfaces 120, 220. The data com-
munication may include wired communication and wire-
less communication. The first and second electronic de-
vices 100, 200 may be, for example, a PC and an image
processing device such as a monitor, an image process-
ing device such as a TV and an audio dock (an audio
output device), an image processing device such as TV
and a remote controller, and so on. The first and second
agent interfaces 120, 220 may include, for example, se-
rial, Ethernet, High Definition Multimedia Interface (HD-
MI) and the like standard Input/Output (I/O) interfaces,
and Bluetooth, radio frequency (RF) and the like wireless
communication interfaces.

[0035] Forexample, if the embedded software respec-
tively installed in an image processing apparatus such
as a TV and the audio dock are tested, the TV and the
audio dock may be connected to the PC in order to per-
form the test. At this time, the TV and the audio dock may
correspond to the first and second electronic devices
100, 200, and the PC may correspond to the host appa-
ratus 300. Also, the first and second electronic devices
100, 200 become targets as a real environment where
the embedded software is finally installed and runs.
[0036] The first and second electronic devices 100,
200 in an embodiment may be various electronic devices
such as a mobile phone, a portable terminal such as an
MP3 player. If each of the electronic devices 100, 200 is
the image processing apparatus, it may include an image
processor to process an image signal received from an
external image supplying source under a preset imaging
process.

[0037] AsshowninFIG. 1, the hostapparatus 300 may
further include a storage unit 340 to store non-limited
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data/information, and a user input unit 350 to allow a user
to input his/lher command.

[0038] The storage unit 340 may be for example, a
non-volatile storage medium such as a flash memory, a
hard disk drive, etc., and may be provided inside or out-
side the host apparatus 300. If the storage unit 340 is
provide in the outside, a connector (not shown) may be
provided to connect with the storage unit 340. The stor-
age unit 340 is accessed by the test director 330, and
data in the storage unit 340 may be accessed by per-
forming an operation such as reading/recording/modifi-
cation/deletion/update/etc.. In an embodiment, the stor-
age unit 340 may store and read a keyword list 341, and
a plurality of scenarios 342.

[0039] The user input unit 350 may be for example, a
keyboard, a mouse, a graphic user interface (GUI), a
touch screen and etc. In an embodiment, the test director
330 may test embedded software 110, 210 based on a
user command input through the user input unit 350. The
test may include tests for events that are generated while
transmitting and receiving data of the first and second
electronic devices 100, 200. The storage unit 340 and
the user input unit 350 may be included in the automatic
testing apparatus according to an exemplary embodi-
ment.

[0040] In an embodiment, the host apparatus 300 and
the first and second electronic devices 100, 200 perform
data communication with each other, and automatically
test the first and second embedded software 110, 210.
The data communication may include wired communica-
tion and wireless communication. The host interface 320
may include for example, serial, Ethernet, High Definition
Multimedia Interface (HDMI) and the like standard In-
put/Output (1/0) interfaces, and Bluetooth, radio frequen-
cy (RF) and the like wireless communication interfaces,
be connected to the first and second agent interfaces
120, 220.

[0041] The test agents 130, 230 provided in the first
and second electronic devices 100, 200 provide environ-
ments to implement the tests in the first and second elec-
tronic devices 200. For example, first and second em-
bedded software 110, 210 installed in the first and second
electronic devices 100, 200, respectively, may be imple-
mented by the test agents 130, 230 under each test sce-
nario. The test agents 130, 230 may be a processing unit
such as a control processing unit (CPU), a micro control
unit (MCU), etc., thereby controlling the functions of the
first and second electronic devices 100, 200 or providing
a user interface (Ul).

[0042] Inanembodiment,the testagents 130,230 may
include test processors 131, 231 to process the embed-
ded software 110, 210 to reproduce predetermined event
statuses based on the instruction list generated by the
test director 330.

[0043] The test director 330 is a test management en-
gine to control the test agents 130, 230 to perform a test
so that the embedded software 210 may reproduce a
predetermined event. The test director 330 transmits a
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command such as start, stop, complete and etc. so that
the test agents 130, 230 may start, stop, complete and
etc. the test, and thus the test agents 130, 230 perform
each test by reproducing a corresponding event status
in response to the received command.

[0044] The testdirector 330in an embodiment may be,
for example, the CPU, the MCU, etc., and controls oper-
ations of the host apparatus 300. For example, the test
director 330 controls data communication through the
host interface 320, and performs operations correspond-
ing to a user’'s command input through the user input unit
350.

[0045] The test director 330 is reported about a test
running state or a test running result from the test agents
130, 230, and monitors it. The monitoring may include
generally managing a test status and creating a report,
or controlling the testif the testis not smoothly processed.
For example, the test agents 130, 230 may report the
running results to the test director 330 every time when
each event reproduction is completed.

[0046] If the test director 330 is not reported about the
eventreproduction within a preset time, it determines that
an error occurs, and commands the test agents 130, 230
to create a report about a hitherto running result or
resume the corresponding event.

[0047] The test director 330 in an embodiment builds
the test agents 130, 230 and the embedded software
110, 210together, and ports them to the electronic device
100. In order to run the test, the test director 330 may
transmit individual instruction lists to the first and second
electronic devices 100, 200 through the host interface
320, and the first and second agent interfaces 130, 230
so that the embedded software 210 may reproduce var-
ious event statuses.

[0048] Hereinafter, detailed testing operations of the
test director 330 and the test agents 130, 230 will be
described with reference to FIG. 1.

[0049] As shown in FIG. 1, the test director 330 in-
cludes an output detector 331, a scenario composer 332,
and a control command generator 333.

[0050] The output detector 331 collects interface sta-
tus information through the host interface 320 in accord-
ance with the data communication in the first and second
agent interfaces 120, 220 as the first and second em-
bedded software 110, 210 are executed. Here, the first
and second embedded software 110, 210 may be exe-
cuted under the control of the test agents 130, 230, and
the interface status information may be saved a log file
where a history of transmitting and receiving data be-
tween the first and second agent interfaces 120, 220 as
the embedded software 110, 210 are executed.

[0051] FIG. 2is a view showing an example where in-
terface status information is received according to an ex-
emplary embodiment.

[0052] As shown in FIG. 2, the first and second agent
interfaces 120, 220 may be for example, HDMI interfac-
es. For example, if the first electronic device 100 is a PC
and the second electronic device 200 is an image
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processing device such as a monitor, various data (vid-
eo/audio signals, control/state information, etc.) may be
transmitted and received through the HDMl interface be-
tween them.

[0053] In this case, data (instruction and information)
transmitted and received through a Consumer Electron-
ics Control (CEC) line may be received as interface status
information through the host interface 320. CEC is an
HDMI feature designed to allow the user to command
and control a plurality of CEC-enabled devices that are
connected through HDMI by using only one of their re-
mote controls

[0054] The host interface 320 in an embodiment may
be connected to one of the first and second agent inter-
faces 120, 220, and receive the interface status informa-
tion. That is, the first and second agent interfaces 120,
220 transmit and receive data between them, and all
transmitted and received data is recorded as inputs or
outputs in one of the first and second agent interfaces
120, 220, so that one agent interface is enough to collect
all transmitted and received the interface status informa-
tion.

[0055] The embodiment of FIG. 2 shows an example
where the host interface 320 is connected to the second
agent interface 220 of the second electronic device 200
and receives the interface status information, but not lim-
ited thereto. Alternatively, the present disclosure may in-
clude that the host interface 320 is connected to the first
agent 120 of the first electronic device 100 and receives
the interface status information, and include that the host
interface 320 receives the interface status information
from both the first and second agent interfaces 120, 220.
[0056] The output detector 331 extracts a keyword
from the collected interface status information, and com-
poses a keyword list 331 based on the extracted keyword
list 331. The composed keyword list 331 is stored in the
storage unit 340. Also, the collected interface status in-
formation includes interface status information output in
accordance with events reproduced by the first and sec-
ond embedded software 110, 210 based on a control
command to be described later.

[0057] The scenario composer 332 analyzes the out-
put (standard output) from execution of the embedded
software 110, 210 based on the composed keyword list
331. Here, the keyword list 331 is used to analyze the
status of the first and second embedded software 110,
210 in real time.

[0058] The scenario composer 332 generates at least
one scenario 342 corresponding to a predetermined
event based on identification information about the first
and second embedded software 110, 210 and the key-
word extracted by the output detector 331 in accordance
with the analyzed results of the output analyzer 142. The
scenario composer 332 determines true/false by using
the extracted keyword as a condition (status condition or
an inquiry), and loads a scenario corresponding to an
event status satisfying the corresponding condition.
[0059] Forexample, if the first electronic device 100 is
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a TV and the second electronic device 200 is a remote
controller, the first and second agent interfaces 120, 220
may be achieved by, for example, Bluetooth communi-
cation modules. The host interface 300 may be connect-
ed to the second agent interface 220 of the second elec-
tronic device 200 through Serial, Ethernet, HDMI and etc,
and receive the interface status information.

[0060] The output detector 331 collects the received
interface status information and extracts a keyword. Spe-
cifically, if ' power on’ and ’play’ are sequentially extracted
as keywords, for example, the output detector 141 com-
poses the keyword list 331 including 'play (keyword A)’
and uses and analyzes the keyword list 331 as an output
to play an audio file. The scenario composer 332 may
load a scenario (for convenience, called a scenario A),
which records a broadcast of a selected channel, as one
of event statuses on conditions of playing. Here, the sce-
nario composer 332 may load a plurality of scenarios (the
scenario A, B, ... N) related to the channel in preset order
or randomly.

[0061] The scenario composer 332 in an embodiment
may compose a scenario about a predetermined event
status, using identification (ID) information about the first
and second embedded software 110, 210 and the key-
words of the keyword list 331. The ID information is de-
termined using information indicating whether the ex-
tracted keyword is transmission data or reception data.
[0062] The control command generator 333 generates
a control command to control one of the first and second
embedded software 110 and 210 to reproduce a prede-
termined event status, based on the composed scenario.
That is, the control command generator 333 generates
aninstruction list containing an instruction corresponding
to arelevant event status, using the composed scenario.
[0063] For example, if the scenario A is loaded, the
control command generator 333 may generate a control
command A including an instruction corresponding to the
event where the second embedded software 210 trans-
mits a command to select a channel to the TV and trans-
mits a command to record the selected channel. Also,
the control command generator 333 may generate a con-
trol command A’ including an instruction corresponding
to the event where the first embedded software 110 re-
ceives the channel selecting command from the remote
controller so as to tune to the channel and receives the
recording command for the tuned channel so as torecord
a corresponding broadcast.

[0064] The generated control commands A, A’ respec-
tively contain identification information about one of the
first and second embedded software 110, 210, and are
transmitted to the electronic devices loaded with the em-
bedded software corresponding to the relevant identifi-
cation information.

[0065] Thus,the controlcommand A contains the iden-
tification information (ID 2) of the second embedded soft-
ware 210, and is transmitted to the second electronic
device (e.g., the remote controller) 200 loaded with the
second embedded software 210. Also, the control com-
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mand A’ contains the identification information (ID 1) of
the first embedded software 110, and is transmitted to
the first electronic device 100 loaded with the first em-
bedded software 110.

[0066] The generated control commands A, A’ include
a command for executing the embedded software 110,
210, and time information about the execution command.
In an embodiment, the time information reflects differ-
ence in time of executing the first and second embedded
software 110, 210 in accordance with the data transmis-
sion/reception of the first and second electronic devices
100, 200.

[0067] For example, the first embedded software 100
may reflect the time difference considering time taken in
a user’s input using the remote controller, while repro-
ducing power-on, channel-tuning and recording in se-
quence, in order to reproduce the event under the control
command A’. In an embodiment, information about trans-
mitting/receiving interface status information obtained
from the second agent interface 220 may be used to de-
termine time information of each execution command.
[0068] The generated control commands A, A’ are re-
spectively transmitted to the first and second test proc-
essors 131, 231 of the test agents 130, 230 loaded in the
electronic device 200 through the host interface 320.
Here, the control command A and the control command
A’ are transmitted independently of each other.

[0069] Thefirsttestprocessor 131 controlsthe firstem-
bedded software 110 to perform a test for reproduction
of the corresponding event status (tuning a channel and
recording for the tuned channel), based on the received
control command A. The second test processor 231 con-
trols the second embedded software 210 to perform a
test for reproduction of the corresponding event status
(selecting a channel, and receiving a user’'s command of
recording for the tuned channel and transmitting it to the
TV), based on the received control command A’.
[0070] The interface status information from the repro-
duction results is transmitted to the host apparatus 300
through the first and second agent interfaces 120, 220
in the form of a log file. The log file may be saved in the
storage unit 342.

[0071] As described above, the output detector 331
collects the status information based on the reproduction
results, and the control command generator 333 analyz-
es an output through the collected interface status infor-
mation and determines whether there is an error in the
results of the event reproduction. The control command
generator 333 may compare the event reproduction re-
sults with the previously composed scenario 342 so as
to determine whether there is an error.

[0072] Further, the control command generator 333
may update the instruction listby branching an instruction
corresponding to a new event status in accordance with
whether the error occurs or not, and thus generate a new
control command.

[0073] Forexample, if there is no error as a result from
an event A or A’ of selecting a channel and reproducing
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the selected channel, another scenario on a condition of
keyword A (channel) (e.g., a scenario (for convenience,
called a scenario B) that sets up the selected channel as
afavorite channel) is composed, and the composed sce-
nario B is used to generate control commands B, B’ cor-
responding to the events B, B’ of setting up the selected
channel as the favorite channel. Here, the event B is an
eventto receive a user’s input to set up the favorite chan-
nel through the remote controller, and the event B’ is an
event where the TV sets up and stores the favorite chan-
nel in accordance with a user’s input.

[0074] The generated control commands B, B’ are
transmitted to the first and second electronic devices 100,
200 via the host interfaces 320, and the first and second
test processors 131, 231 control the first and second em-
bedded software 110, 210 to perform a test for reproduc-
tion of the corresponding event status (e.g., the event B
and the event B’) based on the respectively received con-
trol commands B, B’.

[0075] The control command generator 333 may ter-
minate the test of the first and second embedded soft-
ware 110, 210ifthe analyzed result of the output analyzer
142 shows an error in the event reproduction. Here, a
developer may select whether to terminate the test
through the user input unit 350. The termination of the
test may also be automatically performed.

[0076] Ifitis selected to terminate the test, a developer
may perform an analysis to solve the error that occurs
while executing the first and second embedded software
110, 210.

[0077] On the other hand, if it is selected not to termi-
nate the test, the test director 330 continues to collect
and extract the keywords based on the interface status
information received through the host interface 320.
[0078] Thus, the automatic testing apparatus accord-
ing to an exemplary embodiment sequentially or random-
ly executes various events in accordance with the status
information of the embedded software 210, and previ-
ously detects predictable or unpredictable various prob-
lems that may arise under user conditions, thereby re-
producing them.

[0079] Also, various events are branched in accord-
ance with determination about whether a status condition
about the extracted keyword is true/false, thereby per-
forming repetitive tests.

[0080] The scenario composed in the scenario com-
poser 332 may be stored in the storage unit 250. The
scenario in an embodiment includes a predetermined-
form programming language (hereinafter, referred to as
a "scenario language") that uses at least one instruction
included in the instruction list as an instruction to execute
the first and second embedded software 110, 120. The
programming language may use the interface status in-
formation (<keyword A>, <keyword B>) of the embedded
software 110, 210 as conditions, and support at least one
of a multiple selective sentence (case <keyword C> call
<the scenario C>, case <keyword D> call <the scenario
D>, case <keyword E> call <the scenario E>), repetitive
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sentence (Repeat < number of repeat times>), and a
comparative sentence (if status determination?
Success : failure).

[0081] In an embodiment, the scenario (scenarios A,
B, ..., N) is composed so that the embedded software
110, 210 may perform an automatic test in consideration
of each case that may occur in the first and second em-
bedded software 110, 210 under a condition of the key-
word based on the interface status information of the first
and second embedded software 110, 210.

[0082] While the scenario 342 is branched in accord-
ance with conditions, a new scenario is continuously
composed until a developer issues a command to stop
composing the scenario (or terminating a test).

[0083] Thetestagents130,230inanembodimentmay
report an event running status or result to the test director
330. The test director 330 may be reported about a test
operating status or result from the test agents 130, 230,
and create a report on managing a general test status or
a report that the test is not smoothly proceeded. The de-
veloper ascertains the report and confirms an automatic
testresult about the first and second embedded software
110, 210.

[0084] Hereinafter, the automatic testing method for
the embedded software and the scenario composing
method will be described with reference to FIGs. 3 and 4.
[0085] FIG. 3 is aflowchart showing an automatic test-
ing method of embedded software according to an ex-
emplary embodiment.

[0086] AsshowninFIG. 3, the output detector 331 ex-
ecutes the first and second embedded software 110,210
and receives the output interface status information
(S402). Here, the interface status information may be
collected from either of the first or second agent interface
120, 220 connected to the host interface 320.

[0087] The output detector 331 extracts a keyword
from the interface information received at the operation
S402 (S404). The extracted keyword may be stored in
the keyword list 341 in the storage unit 340.

[0088] The scenario composer 332 composes a sce-
nario corresponding to a predetermined event status, us-
ing identification information of the first and second em-
bedded software 110, 210 and the keyword extracted at
the operation S404 (S406). Here, the scenario composer
332 uses the keyword extracted at the operation S404
as a condition (inquiry) to determine the true/false
(YES/NO), and generates a scenario satisfying the cor-
responding conditions.

[0089] The scenario 342 composed at the operation
S406 may be stored in the storage unit 340 (S408).
[0090] Further, the control command generator 333
uses the scenario stored in the operation S408 to gen-
erate a control command to reproduce a predetermined
event status (S410). The generated control command
may include identification information showing one of the
first and second embedded software 110, 210, and an
instruction to execute the embedded software, and time
information about the instruction (e.g., difference in time
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of executing the instruction).

[0091] The control command generated at the opera-
tion S410 is transmitted to the electronic device 100 or
200 loaded with the embedded software 210 or 220 cor-
responding to the included identification information
(S412).

[0092] The first test processor 131 or the second test
processor 231 controls the first or second embedded
software 110, 210 to reproduce a predetermined event
status in accordance with the received control command
(S414).

[0093] The interface status information based on the
event reproduction at the operation S414 is collected in
the output detector 331, and a keyword is extracted. The
control command generator 333 uses the extracted key-
word to compare the reproduction result with the previ-
ously composed scenario 342, thereby determining
whether the error occurs or not based on the event re-
production (S416).

[0094] If it is determined that an error occurs in the
operation S416, a developer may select whether to ter-
minate the test (S418).

[0095] If it is determined that an error does not occur
in the operation S416 and it is selected not to terminate
the test in the operation S418, the operations S402 to
S414 are repetitively performed to branch a command
corresponding to a new event status and update the sce-
nario 342. In such a manner, various events are repro-
duced sothatthe plurality of embedded software installed
in the plurality of electronic devices connected by inter-
faces may be automatically tested.

[0096] FIG. 4 is a flowchart showing a test scenario
composing method of the embedded software according
to an exemplary embodiment.

[0097] AsshowninFIG. 4, the output detector 331 ex-
ecutes the first and second embedded software 110, 210
and receives the output interface status information
(S502). Here, the interface status information may be
collected from either of the first or second agentinterface
120, 220 connected to the host interface 320.

[0098] The output detector 331 extracts a keyword
from the interface information received at the operation
S502 (S504). The extracted keyword may be stored in
the keyword list 341 in the storage unit 340.

[0099] The scenario composer 332 composes a sce-
nario corresponding to a predetermined event status, us-
ing identification information of the first and second em-
bedded software 110, 210 and the keyword extracted at
the operation S504 (S506). Here, the scenario composer
332 uses the keyword extracted at the operation S504
as a condition (inquiry) to determine the trueness/false-
ness (YES/NO), and generates a scenario satisfying the
corresponding conditions.

[0100] The scenario 342 composed at the operation
S506 may be stored in the storage unit 340 (S508).
[0101] The scenario composer 332 may be selected
by a developer whether to continue to compose the sce-
nario (S510). In accordance with the selection results in
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the operation S510, the scenario is branched in accord-
ance with conditions and thus new scenarios are contin-
uously composed. Here, the scenario may be composed
until a developer issues a command to stop composing
the scenario (or terminate the test).

[0102] According to an exemplary embodiment, the
automatic test apparatus executes the plurality of em-
bedded software different in characteristic from one an-
other and uses the output interface status information as
the inquiries, thereby sequentially or randomly executing
various events. Therefore, it is possible to previously de-
tect unpredictable problems as well as predictable prob-
lems that may occur in interaction between the plurality
of embedded software, interface operation to transmit
and receive data, etc., and thus reproduce them.
[0103] Also, various events are branched in accord-
ance with the determination of true/false about the status
conditions of the extracted keyword, thereby repetitively
performing the automatic test with respect to the plurality
of embedded software.

[0104] Further, the test scenario is branched on con-
ditions and new scenarios are continuously composed
until a developer issues a command to stop composing
the scenario, thereby securing various test scenarios.
[0105] Although a few exemplary embodiments have
been shown and described, it willbe appreciated by those
skilled in the art that changes may be made in these
exemplary embodiments without departing from the in-
vention, the scope of which is defined in the appended
claims.

Claims

1. An automatic testing apparatus for embedded soft-
ware, comprising:

an output detector which collects interface sta-
tus information in accordance with data trans-
mission/reception from at least one of first and
second electronic devices respectively loaded
with first and second embedded software and
exchanging data therebetween, and extracts a
keyword from the collected interface status in-
formation;

a scenario composer which uses identification
information about the first and second embed-
ded software and the extracted keyword, and
composes a scenario corresponding to a prede-
termined event status; and

a control command generator which generates
a control command to control one of the first and
second embedded software reproduce the
event status based on the composed scenario.

2. The automatic testing apparatus according to claim
1, wherein the control command comprises identifi-
cation information about one of the first and second
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embedded software, and is transmitted to a electron-
ic device loaded with an embedded software corre-
sponding to the identification information.

The automatic testing apparatus according to claim
1, wherein the control command comprises an exe-
cution command for the embedded software, and
time information about the execution command.

The automatic testing apparatus according to claim
3, wherein the time information reflects difference in
time of executing the first and second embedded
software in accordance with data transmission/re-
ception of the first and second electronic devices.

The automatic testing apparatus according to claim
1, wherein the scenario composer uses the keyword
as a condition, and composes a scenario corre-
sponding to an event status satisfying the condition,
the composed scenario comprising a predeter-
mined-form programming language that uses at
least one instruction included in the control com-
mand as an instruction for executing the embedded
software.

The automatic testing apparatus according to one of
claims 1 to 5, further comprising first and second test
processors which controls the first and second em-
bedded software respectively to perform a test of
reproducing the event status under the control com-
mand.

The automatic testing apparatus according to claim
6, wherein the control command generator com-
pares the reproduction results with a previously com-
posed scenario to determine whetheran error occurs
or not.

The automatic testing apparatus according to one of
claims 1 to 5, wherein the control command gener-
ator generates a control command to reproduce
event statuses corresponding to a plurality of previ-
ously stored scenario in preset order or randomly.

An automatic testing method for embedded soft-
ware, comprising:

receiving interface status information in accord-
ance with data transmission/reception from at
least one of first and second electronic devices
respectively loaded with first and second em-
bedded software and exchanging data therebe-
tween;

extracting a keyword from the received interface
status information;

composing a scenario corresponding to a pre-
determined event status by using identification
information about the first and second embed-



10.

1.

12.

13.

14.

15.

15 EP 2 725 493 A1

ded software and the extracted keyword; and
generating a control command to control one of
the first and second embedded software repro-
duce the event status based on the composed
scenario.

The automatic testing method according to claim 9,
wherein the control command comprises identifica-
tion information about one of the first and second
embedded software,

the method further comprising transmitting the con-
trol command to a electronic device loaded with an
embedded software corresponding to the identifica-
tion information.

The automatic testing method according to claim 9,
wherein the control command comprises an execu-
tion command for the embedded software, and time
information about the execution command, the time
information reflecting difference in time of executing
the first and second embedded software in accord-
ance with data transmission/reception of the first and
second electronic devices.

The automatic testing method according to claim 9,
wherein the composing the scenario comprises us-
ing the keyword as a condition and composing a sce-
nario corresponding to an event status satisfying the
condition, the composed scenario comprising a pre-
determined-form programming language that uses
at least one instruction included in the control com-
mand as an instruction to execute the embedded
software.

The automatic testing method according to one of
claims 9 to 12, further comprising controlling at least
one of the first and second embedded software to
perform a test of reproducing the event status under
the control command.

The automatic testing method according to claim 13,
further comprising determining whether an error oc-
curs or not by comparing the reproduction results
with a previously composed scenario.

The automatic testing method according to one of
claims 9 to 12, wherein the generating the control
command comprises generating a control command
to reproduce event statuses corresponding to a plu-
rality of previously stored scenario in preset order or
randomly.
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FIG. 3
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FIG. 4
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